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(54) THIN-FILM MAGNETIC HEAD 

(57)Abstract 

PURPOSE: To enable recording on a high-coercive force medium to 
be carried out without having partial magnetic flux saturation of 
intermediate cores since the reduction in the thickness in the 
perpendicular direction from the medium- facing surface of the 
intermediate cores is prevented by a spacer even if a life size is set 
short and to obtain recording characteristics of good efficiency 
since the leakage of magnetic fluxes can be decreased by the 
spacer. 

CONSTITUTION: This invention relates to an improvement of the 
thin-film magnetic head constituted by forming a lower core 4, an 
upper core 9 and the intermediate cores 8a, 8b connecting these 
cores of the magnetic materials in insulating layers 3, 5, 11, the 
front surfaces of these insulating layers including the connecting 
surfaces of the above-mentioned cores being approximately flat, 
and by forming a gap 7 in the juncture between the lower core 4 and 
the intermediate core 8a. The spacer layer 1 4 thicker than the gap 
7 (layer) is formed between the lower core 4 and the intermediate 
core 8a holding the gap 7 (t<s). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film magnetic head characterized by forming a spacer layer thicker than a gap layer between the 
cores which sandwich a gap in the thin film magnetic head which the front face of each aforementioned insulating 
lay r where a lower core, an upper core, and the middle core that connects these are constituted by the magnetic 
substance in an insulating layer, and includes the connection side of each aforementioned core is abbreviation 
flatness, and comes to form a gap in the connection of the aforementioned core. 

[Claim 2] The thin film magnetic head according to claim 1 characterized by being material with the etching rate of 
spacer layer material later than the etching rate of the insulating-layer material which is a work material. 
[Claim 3] A spacer layer is the thin film magnetic head according to claim 1 or 2 characterized by having the shap 
of a taper to which the thickness of an edge decreased toward the gap. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the suitable thin film magnetic head especially for high-density 

magnetic recording with respect to the thin film magnetic head. 

[0002] 

[D scriptibn of the Prior Art] First, with reference to drawing 8 , the conventional structure and the conventional 
manufacture method of the thin film magnetic head 20 are explained. A magnetic film is formed on a substrate 21 
and the lower core 22 is formed by photo lithography or etching; The nonmagnetic material 24 is formed so that an 
edg may serve as a gap (MAG) 23 on the lower core 22. Next, an insulating layer 25 and a conductor layer are 
formed and it considers as the coil pattern 26 using photo lithography, the etching method, etc. An insulating layer 
27 and a magnetic layer are formed on the coil forming face which the coil pattern 26 was formed and the level 
difference attached, and it considers as the upper core 28: 

[0003] In the conventional thin film magnetic head 20, since an insulating layer 27 is formed on the coil pattern 26 
with an insulating layer 25 and a level difference and the upper core 28 is further formed on this insulating layer 27; 
whenever it piles up a layer, the level difference becomes large. For example, the thickness of both the usual cores 
is about 5 micrometers: Setting just before upper core* formation, when the thickness of a coil pattern is about 3 
micrometers, a level difference is 10 micrometers. It reaches. 

[0004] The resolution by photo lithography became extremely bad on the field with such a level difference; and the 
resolution about [ of a level difference ] a size was a limit Therefore, in order to make [ many ] the number of turns 
of a coil, even if it is going to form the pitch interval of the coil pattern 26 small, since resolution is bad, it cannot do 
small. Consequently, the length of the vertical cores 22 and 28 formed in the upper and lower sides needed to be 
made into size, magnetic reluctance became high by the increase in magnetic-path' length, arid there was a troubl 
that a performance became bad, as the thin film magnetic head. ; : ' 
[0005] As what solved such a trouble, there is the thin film magnetic head given in JP,3-58308,A for which these 
people applied previously. This is the thin film magnetic head 30 which formed the slot of a core configuration in the 
insulating layer by etching, filled up the slot with the magnetic substance, carried out flattening of the front' face, 
accumulated it, and formed the magnetic circuit, as shown in drawing 9 . As for a coil pattern, and 36, 37 and 38, the 
cor which 31, 32a, 32b, and 33 become from the magnetic substance, and 35 are [ an insulating layer and 39 ] 
magnetic gaps. , < 

[0006] ; ' 5 

[Problem(s) to be Solved by the Invention] There were the following troubles in the aforementioned thin film 
magnetic head 30, it was highly efficient, and it was difficult to offer the reliable thin film magnetic head. From the 
fi Id (slider side) where a head counters with a medium to the place which a gap begins to open is usually called a 
IrF size or depth of gap (I in drawing 9 and drawing 10 ), and if this is large, the head life by wear will be extended: 
However, since magnetic reluctance will become large if too large, at the time of record, the leakage flux in the nose 
of cam of a gap decreases, and efficiency falls, and at the time of reproduction, in order for an output to decreas , it 
is necessary to set it as suitable length. For example, in the case of the floating head for magnetic disks, generally, a 
lif size is set up before and after 1 micrometer. However, since the medium opposed face of a middle core and 
vertical thickness become thin like drawing 10 so that a life size is set up short, a part of magnetic pole. tends to be 

saturated:-' ■ >"> " ' ? ■ ' ' ! ' : "fv*----" ■ 

[0007]-** In order to process a core-like slot for example, by reactant dry etching (RIE) in the thin film magnetic 
head 30 like drawing 9 , an etching side attachment wall tends to serve as a perpendicular configuration, it becom s 
perpendicular [ the magnetic-substance (core) cross section embedded and formed there ], and the core for one 
layer presents the letter of a block again. Arid since a rinjrHike magnetic circuit is formed as a whole by 
accumulating the core of such a letter of a block, it will have the square core cross-section configuration, arid is 
hard to concentrate magnetic flux (G2 in drawing) at th nos of cam of a magnetic gap as compared with th 
magnetic flux (G1 in drawing) of th thin film magnetic head shown in drawing 8 . 

[0008] 

[Means for Solving the Probl m] In order to solve the abov -meriti ned trouble, a lower cor , an upper cor , and th 
middl cor that connects thes ar constituted by th magnetic substance in an insulating layer, arid this inv ntibn 
off rs th thin film magnetic head in.which th spacer lay r thick r than a gap layer was form d b tw eri the cores 
which sandwich a gap, in the thin film magnetic head which the front fac of each aforementioned insulating layer 
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including the connection side of each aforementioned core is abbreviation flatness, and comes to form a gap in the 
connection of the aforementioned core. 

[0009] In the thin film magnetic head constituted as mentioned above, sine thickn ss L of the perpendicular 
direction from the medium opposed face of the core which sandwiches a gap with a spacer thicker than a gap layer 
does not become thinner than the life size I (L>l), there is no partial magnetic-flux saturation of a core. Moreover, 
since the spacer layer was formed between the cores which sandwich a gap, th leakage of magnetic flux decreases. 

[0010] 

[Example] One example of the thin film magnetic head which becomes this invention is explained in detail with a 
drawing below. This thin film magnetic head is filled up with the magnetic substance, carries out flattening of the 
front face, it accumulates it on the slot, forms [ the slot of a core configuration is formed in an insulating layer by 
etching, and ] a magnetic circuit in it, and forms a spacer layer thicker than a gap layer further between the 
magnetic layers (core) whose magnetic-gap layers are pinched. 

[001 1] [Example 1] A view 1 is an outline cross section showing the thin film magnetic head 1 which becomes this 
invention. As shown in this drawing, the slot which the flat lower insulating layer 3 is formed on the substrate 2, and 
was formed in this lower insulating layer 3 is filled up with magnetic material, and the lower core 4 formed evenly 
without the aforementioned lower insulating layer 3 and a level difference is formed. 

[0012] The middle insulating layer 5 is formed on the lower insulating layer 3, it is laid under the edge (record- 
medium opposed face 6) of this middle insulating layer 5 so that middle core 8a which consists of magnetic material 
may approach with the lower core 4 through a gap.(MAQ) 7, and it is laid under the inside which separated this ; 
middle core 8a and distance so that middle core 8b which consists of magnetic material may join to the lower cor 4 
directly. It is spirally laid under the interior of the middle insulating layer 5 so that the superficial coil patterns 10 
may surround the aforementioned middle core 8b. The. end section of the coil pattern 10 joins to the external lead 
wire 13 through the conductor 12 buried in the through hole drilled in the up insulating layer 11, and an external ; , 
device and electric connection are possible for it. In addition, 15 is the insulating layer of the coil pattern 10 and th 
upper core 9.. . , . «' • - :#> ■■ H-'h .:. ■ : - { ■ - 

[001 3] Moreover, the up insulating layer 1 1 is formed on the aforementioned middle insulating layer 5, the upper 
core 9 is formed in this up insulating layer 1 1 so that both ends may join to the middle cores 8a and 8b, and the 
magnetic circuit is formed with the bottom core 4 of the above. Furthermore, the- spacer lay er14 (thickness s). 
thicker than a gap (layer) 7 (thickness t) is formed on the upper core 9 between the ; upper core 9 which, sandwich s 
a gap 7, and middle core 8a. (t<s). The thickness of edge 14a of the spacer layer 14 decreases toward a head point 
(th record-medium opposed face 6, gap 7), and edge 14a of the spacer layer 14 is a taper-like. 

[0014] Thus, in the thin film magnetic head 1 which becomes this invention,; three flat insulating layers 3, i.e., a lower 
insulating layer, the middle insulating layer 5, and the up insulating layer 11 are accumulated, and since the magnetic 
lay r formed in the predetermined part in these insulating layers is connected and the magnetic circuit is formed, a 
photolithography becomes possible by each insulating stratification plane without a level difference. Therefore, sine 
small coil pattern and magnetic pore which was excellent in the dimensional accuracy are; obtained, magnetic 
reluctance -is low and becomes possible [ obtaining the powerful thin film magnetic head ]. 

[0015] Furthermore, since thickness L of the perpendicular direction from the medium opposed face of middle cor 
8a does not become thin with a spacer 14 even if it sets up a life size (I in drawing) short, there is no partial 
magnetic-flux saturation of a core, and it becomes a high coercive-force medium recordable. Moreover, since. the 
leakage of magnetic flux can be decreased by forming a spacer (layer) 14, an efficient recording characteristic is/r 
obtained. Furthermore, since the magnetic field for a head point (a near gap), concentrates at the nose of cam of a 
gap by making edge 14a of a spacer 14 into a taper configuration, efficient .writing is attained. ; 
[0016] Next, the manufacture method of the thin film magnetic head 1 is explained with reference to drawing 6 and 
dra wing 7 . .... ... ■ ■. >v ... .w---r i : ■ <■> 

Th 1 st process (A of drawing 6 ) , v , .. v j."\. 

a substrate 2 — Si02, Ti02, and W03 etc. ^- an insulating layer 3 -r- 1-10 mjcrpmeters It forms in thickness by the 

spatter, vacuum evaporationo, CVD, etc., and slot 4X of a core configuration is formed in it by photo lithography and 

etching.,,. . ,v [,,; - • • . . v - r > , , • 

[001 7] The 2nd process (B of drawing 6 ) 

The soft-magnetism thin film which made Fe, Co, and nickel the principal component is formed with a spatter, ? 
vacuum evaporationo, CVp, plating, etc; more thickly than the depth of the aforementioned slot 4X, polish removes, 
an excessive upside magnetic jay er, flattening of the front face is carried put, and it considers as the lower core 4. 
[0018] The 3rd process (C of d rawin g 6 ) . ' I r , : .o ; , 1 

Etching agent 4, for example, CF, It is 1 -several micrpmeters to the dry etching to depend about the low material t 
(for example. 0aTiO3, BaTi03, Zr02, alpha-Fe 203 grade) of an etching rate. Membranes are formed by the spatter 
etc. by thickn ss and the portion which a middl core (8a, 8b) and the lower cor 4 connect by methods, such as: ion 
milling, is removed. This lay r serves as a spacer 14 (thickn ss sX Mor over, a magnetic fi Id can b made ste per 
by making edge 14a of a spacer 14 into a taper configuration. A taper configuration is asily acquired by choosing an 
ion b am incident angle suitably at the tim of ion milling processing. 
[001 9] The 4th process (D of drawing 6 ) 

a lower cor 4 and spacer 14 top — Si02, Ti02, and W03 etc. — an insulating lay r 5 — 1-5 microm ters It forms. 
[0020] The 5th process (E of drawing 6 ) 
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the inside of an insulating layer 5 — a core — the same — a coiHike slot — etching — forming — conductors, 
such as Cu, aluminum, Au, and Ag, — a film is formed with vacuum evaporations a spatter, plating, etc., polish 
removes the upper excessive conductor, flattening of the. front face is carried out, and it considers as a coil 10 
Since it has considered as the material with an etching rate later than the insulating layer 5 whose spacer 14 is a 
work material at the time of formation of this coil slot, a spacer 14 works as an etching stopp r, etching stops in the 
upper part of a spacer 14, and it prevents that etching advances to the lower core 4. By the spacer 14, the electric 
insulation with a coil 10 and the lower core 4 is taken. 
[0021] The 6th process (F of drawing 6 ) 

the electric insulation with an upper core (9) and a coil 10 sake — Si02, Ti02, and W03 etc. — insulating layer 15 

0.1-1 micrometer It forms. 

[0022] The 7th process (G of drawing 6 ) 

Slot 8aX of anterior part middle core 8a is formed by photo lithography and etching. At this time, even the magnetic 
substance of the lower core 4 does not but it leaves slot 8aX by gap length, etching is stopped 

(thickness t), and the insulating layer which remained serves as a gap (MAG) 7. Since the spacer 1 4 which is in the 
middle of etching and is exposed has the small etching rate, most reduction of the thickness by etching does not 
have rL 

[0023] Octavus process (A of drawing 7 ) 

Posterior part middle core slot 8bX is ^********ed. At this time, slot 8bX sw^*******s until it reaches the lower 
cor 4. 

[0024] The 9th process (B of dra_wingJ7 ) 

Th soft-magnetism thin film which made Fe, Co, and nickel the principal component at slot 8aX of a middle core 
and 8bX is fabricated with a spatter, vacuum evaporationo, CVD, plating, etc. more thickly than the depth of flute, 
polish removes an excessive upside magnetic layer, flattening of the front face is carried out, and it considers as the 
middle cores 8a and 8b. 
[0025] The 10th process (C of drawing 7 ) 

middle core 8a and 8b top — Si02, Ti02, and W03 etc. — an insulating layer 11 — 1-10 micrometers It forms. 
[0026] The 1 1th process (D of drawing 7 ) 

The upper core 9 as well as the lower core 4 is formed in an insulating layer 11. 
[0027] The 1 2th process (E of drawing 7 ) 

th insulating layer 1 1 of the upper layer of a coil 10 — a through hole — etching — forming — the inside of a 
through hole — a conductor 12 — being filled up — conductors, such as Cu, aluminum, Au, and Ag, — a film — 
vacuum evaporationo, a spatter, plating, etc. — 1 micrometer It forms approximately and lead wire 13 is formed by 
photo lithography and etching. Finally a chip is cut, and it is processed according to processes, such as polish, on X- 
X line, and is made the configuration of the predetermined magnetic head. 

[0028] [Example 2] A view 2 is the thin film magnetic head 16 which set up the gap (MAG) 7 between the upper 
core 9 and middle core 8a. In this thin film magnetic head 1 6, the spacer 1 4 is formed between the upper core 9 and 
middle core 8a. 

[0029] [Example 3] A view 3 is the thin film magnetic head 1 7 which consisted of core 8a-2 and 8b-2 between core 
8a-1, 8b-1, and Kaminaka between the two-layer coil pattern 10-1, 10-2, and twoHayer Shimonaka, and set up the 
gap (MAG) 7 between core 8a-1 between the lower core 4 and Shimonaka. This thin film magnetic head 1 7 has 
formed the spacer 14 between core 8a-1 between the lower core 4 and Shimonaka. 

[0030] [Example 4] A view 4 is the thin film magnetic head 18 which consisted of core 8a-2 and 8b-2 between core 
8a-1, 8b-1, and Kaminaka between the two-layer coil pattern 10-1, 10-2, and two-layer Shimonaka, and set up the 
gap (MAG) 7 among core 8a-2 between core 8a- 1 and Kaminaka between Shimonaka. In this thin film magnetic head 
1 8, the spacer 1 4 is formed among core 8a-2 between core 8a- 1 and Kaminaka between Shimonaka. 
[0031] [Example 5] A view 5 is the thin film magnetic head 19 which consisted of core 8a-2 and 8b~*2 between core 
8a- 1, 8b-1, and Kaminaka between the two-layer coil pattern 10-1, 10-2. and two-layer Shimonaka, and set up the 
gap (MAG) 7 among core 8a-2 between the upper core 9 and Kaminaka. In this thin film magnetic head 1 9, the 
spacer 14 is formed among core 8a-2 between the upper core 9 and Kaminaka. 

[0032] Also in the thin film magnetic heads 14-17 shown in examples 2-5, a flat insulating layer is accumulated, and 
since the magnetic layer formed in the predetermined part in these insulating layers is connected and the magnetic 
circuit is formed, a photolithography becomes possible by each insulating stratification plane without a level 
difference. Therefore, since small coil pattern and magnetic core which was excellent in the dimensional accuracy 
are obtained, magnetic reluctance is low and becomes possible [ obtaining the powerful thin film magnetic head ]. 
[0033] Furthermore, since thickness L of the perpendicular direction from the medium opposed face of middle core 
8a does not become thin with a spacer 1 4 even if it sets up a life size (I in drawing) short, there is no partial 
magnetic-flux saturation of a core, and it becomes a high coercive-force medium recordable. Moreover, since the 
leakage of magnetic flux can be decreased by forming a spacer (layer) 1 4, an efficient recording characteristic is 
obtained. Furthermore, since the magn tic field for a head point (a near gap) concentrates at th nose of cam of a 
gap by making edg 14a of a spacer 14 into a taper configuration, efficient writing is attained. 
[0034] " 

[Effect of the Invention] The middle core to which th thin film magnetic head which b comes this inv ntion 
connects a lower core, an upper core, and these is constituted by the magnetic substance in an insulating layer. In 
th thin film magnetic head which th front fac of each aforementioned insulating layer including th connection 
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side of each aforementioned core is abbreviation flatness, and comes to form a gap in the connection of the 
aforementioned core Since a spacer layer thicker than a gap layer is formed between the cores which sandwich a 
gap and the thickness of the perpendicular direction from the medium opposed face of th cor which sandwiches a 
gap with a spacer does not become thin ven if it sets up a life size short Since ther is no partial magnetic-flux 
saturation of a core, it becomes a high coercive-force medium recordable and the leakage of magnetic flux can be 
further decreased with a spacer, an efficient recording characteristic is obtained. 



[Translation done.] 
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